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Abstract 
Open software platforms are a recent innovation in the healthcare sector to foster integrated care 
scenarios. An important quality feature to facilitate innovation and to create an active platform 
ecosystem is openness. The openness is strongly influenced by the interoperability potential of the 
platforms. Hence, the assessment of the interoperability potential is a crucial task for evaluating the 
quality of platforms. However, there is a need for methodological support fostering the evaluation of 
eHealth platforms. Based on a design science research approach, the article shows, how the Maturity 
Model for Enterprise Interoperability (ISO 11353-2) can be instantiated in the healthcare domain. We 
describe a quantitative evaluation model which operationalizes the evaluation process of eHealth 
platforms. The contribution purposes to improve the transparency and reliability of the evaluation 
process. Furthermore, the introduced approach reduces the dependence on an evaluation team and 
facilitates the implementation of assessments. 
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 1 ASSESSMENT OF INTEROPERABILITY FOR EHEALTH 
PLATFORMS 
The healthcare sector is currently strongly faced with issues concerning the diffusion and portability of 
eHealth solutions. It is evident that many eHealth-projects are not able to create a sustainable business 
model or to expand their scope (Andreassen et al., 2015; de Bont and Bal, 2008; Murray et al., 2011). 
Economic, social and innovation-related losses are a result of this dilemma. At the same time the 
demands for interorganizational collaborations in the healthcare are increasing (Meijboom et al., 2010). 
The agility of these collaborations frequently suffers from heterogeneous and mostly bilaterally 
implemented business interfaces. The implementation of business interfaces is often costly as well as 
time- and resource-consuming. Thus, integration of new partners, care scenarios and technologies into 
existing healthcare-networks leads to immense efforts. To overcome this situation, open platforms are 
announced as a possibility to create a flexible infrastructure which allows multiple partners as well as 
vendors to connect and to provide interorganizational collaboration opportunities by creating a business 
and technology framework and providing an abstraction layer for technology access (e.g. Christensen et 
al., 2014; Nina et al., 2013; Serbanati et al., 2011). 
In many fields of economy and technology, open platforms are seen as an opportunity to enable 
complementary development with existing technologies (Eisenmann et al., 2008; Rickmann et al., 
2014). Furthermore, platforms are increasingly associated with digitalization and industrialization of IT 
and are seen as a foundation for IT infrastructures. Among others, the industrialization of IT is connected 
to expectations regarding the interchangeability and outsourcing of services, the overlapping process 
design as well as the standardization (Walter et al., 2014). Besides the industrialization of IT, platforms 
create an environment for the development of innovations which is often referred to as a platform 
ecosystem (Ceccagnoli et al., 2012; Tiwana, 2015). Actors in this ecosystem need to interact with the 
platform to use its services. For example, application vendors want to connect their existing products to 
the platform with little effort. Thus, an important feature of the platforms and of the complementary 
services is the interoperability, as it signifies an impact factor for the openness of a platform (Eisenmann 
et al., 2008; Tiwana, 2015). In the context of this paper, the meaning of interoperability implies the 
ability to cooperate and to interchange on organizational business level (Enterprise Interoperability), as 
well as the logical and technical concerns (Chen et al., 2008). 
Therefore, the evaluation of the interoperability is of particular relevance, if the openness of a platform 
and its components is evaluated. For instance, in order to improve the trust between the platform vendor 
and the potential platform users, it is necessary to provide a certification for interoperability. Currently, 
there are already various attempts for the certification and assessment of interoperability in the context 
of the healthcare sector. However, these attempts rather focus on specific applications (EUROREC 
Institute, 2011) and electronic health records (Hörbst and Ammenwerth, 2010) or straighten the 
description of specific use cases (Bourquard et al., 2013; IHE Europe, 2014). The assessment of 
interoperability of eHealth platforms has hardly been considered so far. Moreover, existing literature 
strongly focusses on situational interoperability but less on interoperability potential (Benedict et al., 
2015). The interoperability potential is a systems capability to respond to so far unknown requirements 
of interoperability, e. g. so far unknown communication scenarios (Guédria, 2014). However, there are 
studies that consider the interoperability potential (e. g. Campos et al., 2013; Cornu et al., 2012). 
Situational interoperability more strongly focusses on the reusability of established interoperability 
solutions, e. g. the ability to adapt an interface to similar communication events. Due to the intention to 
enable versatile eHealth-solutions and broaden the range of innovations for different care scenarios, a 
complete set of future interoperability requirements may be unknown at the implementation phase of a 
platform. Hence, the interoperability potential (and the expandability (Tiwana, 2015)) is more relevant 
for the openness of platforms, as new solutions and communication cases are usually unknown (Benedict 
et al., 2015; Eisenmann et al., 2008; Tiwana, 2015). Yet, openness as well as the interoperability 
potential are not explicitly quantifiable, since there are no existing metrics so far. Moreover, Rezaei et 
 al. (2014) find that current evaluation models do not consider platform-oriented cloud solutions as well 
as surrounding platform ecosystems. 
In the field of hardly quantifiable quality demands, for example in IT management, maturity models 
have been established as a reliable method to determine quality statements. They define ordinal or 
quantitative scales (degree of maturity) and thereby build quantitatively based evaluation models 
(Kohlegger et al., 2009). Maturity models help to define a self-positioning within a range of solutions 
and in benchmarking (Becker et al., 2009). A maturity model which considers the interoperability 
potential is the Maturity Model for Enterprise Interoperability (MMEI, ISO-Norm 11354-2) (Guédria et 
al., 2009; International Standardization Organisation, 2015a). 
The existing evaluation models for interoperability potential are often based on interviews or consensus-
based assessments (Guédria et al., 2008; Kohlegger et al., 2009). Thereby, it is associated with higher 
evaluation expenses. Panetto et al. (2015) certify a great subjectivity and high demands on the auditors' 
expertise for the evaluation procedures of existing maturity models. If platforms' openness and in 
particular the interoperability is to be evaluated, it is not always possible to obtain a statement on the 
interoperability within an assessment procedure on the basis of interviews. For example, if there is a 
single auditor (e. g. an expert for interoperability), there is not always the opportunity to use 
questionnaire- or interview-based procedures. This may be the case, if there are no interview partners 
or a group of experts that can provide the necessary number of assessments to objectify the assessment. 
Furthermore, questionnaires and checklists are determined to a very narrow solution space, because 
concrete requirements have to be examined and alternative and so far unknown solutions are not 
approved. For open platforms, this solution space is difficult to describe due to the diversity of feasible 
platform-based solutions.  
Evaluation mechanisms are necessary which allow an assessment that does not depend on third parties 
or further auditors, and that considers a higher dynamic of the solution space. This paper addresses this 
gap by investigating the following Research Question: 
Research Question: How can the interoperability potentials of open eHealth platforms be evaluated in 
a structured way? 
To this end, we aim to design an evaluation method that guides an evaluator to instantiate a suitable 
evaluation tool. Therefore, we propose to decouple the consensus-oriented description of the solution 
space and the evaluation.  
2 RESEARCH METHOD 
This work is related to the design oriented research following the principles of Hevner et al. (2004). The 
objective is to design a method for evaluation of the interoperability potentials of eHealth platforms. 
This artifact is intended to provide a tool for auditors in order to estimate the interoperability potential 
and to complement already existing approaches (Benedict et al., 2015).  
As a template for the research process, we used the process model of Peffers et al. (2007). According to 
this process model, we structured the contribution as depicted in figure 1. The problem identification 
and the explication of the research goal are presented in section 1. The body of knowledge is shown in 
section 3. The objectives of the artifact based on requirements are concretized in section 4. For this 
purpose, the requirement classification of Braun et al. (2015) has been utilized. The design of the 
evaluation method is described in section 5. 
Our study is accompanied by a case example of a practical project, in which an open eHealth platform 
for the healthcare sector was created. This example is also used to motivate the work and to demonstrate 
the feasibility of the evaluation method (in terms of a demonstration (Peffers et al., 2007)) (section 6). 
The implementation of the assessment will be ensured by a comparison of requirements (Braun et al., 
2015) which is presented in section 7. The paper ends with a  discussion and an outlook on further 
research in section 8. 
  
Figure 1. Stages of the DSR process and correlating sections of this paper (Peffers et al., 2007). 
3 KNOWLEDGE BASE 
3.1 Interoperability Potential 
Guédria et al. (2009) classify two different types of evaluation scenarios for interoperability: a priori 
and a posteriori. They refer to two types of interoperability: interoperability potential and 
interoperability (Guédria et al., 2008). A posteriori evaluations are applied on existing organizational 
integration measures with a primary purpose of identifying problems (Guédria et al., 2009). In this paper, 
the understanding of the interoperability potential is extended through different evaluation scenarios. 
Accordingly, an a priori evaluation can be performed for products without a specific organizational 
context, for certain product types, or completely without knowledge of product types (cf. fig. 2). A 
software product is a set of software and the conditions in which the software product can be used. 
Product types are a class of software products that are created for a certain scope of tasks in a specific 
domain context. In the field of healthcare, the product type is a class of medical applications (e. g. 
radiology information systems, laboratory information and management systems) for a concrete 
organizational context.  
 
Figure 2. Classification of evaluation situations in case of a defined utilization scope. 
3.2 Maturity and Evaluation Models for Interoperability 
Guédria et al. (2008) and Rezaei et al. (2014) already provide comparisons of maturity models for 
interoperability. Guédria et al. (2009) find that existing maturity models often examine a defined facet 
of interoperability. Furthermore, there are existing interoperability frameworks (e. g. eHealth European 
Interoperability Framework (European Commission. et al., 2013)) which need to be differentiated from 
maturity models. Maturity models aim at the evaluation of interoperability. Interoperability frameworks 
comprise all phases of interoperability development process and describe problems and concerns of the 
interoperability development of companies and information systems. They often provide the basis for 
maturity models. In this paper, the MMEI was chosen because it defines transparent formulated 
evaluation systematics and considers the organizational context (Enterprise Interoperability). Moreover, 
the MMEI considers explicitly the interoperability potential and references platforms and IT 
infrastructures in the maturity levels (International Standardization Organisation, 2015a) which are not 
or just implicitly provided by the other models (Rezaei et al., 2014). Yet, the MMEI is not explicitly 
oriented regarding the evaluation of platforms. Another reason for the MMEI was the present 
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 standardization in the ISO 11354-2 standard which leads to expect a greater acceptance by recipients of 
evaluation results. 
3.3 ISO 11354 and Maturity Model for Enterprise Interoperability 
The MMEI is a model which considers all dimensions of the Framework for Enterprise Interoperability 
formulated in ISO 11354-1 (International Standardization Organisation, 2011). The modelling of the 
business context and the technology is considered for the definition of the maturity levels. Furthermore, 
a metric is defined that allows a scoring. There are four concerns and three barriers orthogonally defined 
within the Framework for Enterprise Interoperability, for which intersections criteria for the 
achievement of individual levels are indicated (cf. fig. 3). Five different levels (0-4) are defined. The 
application by team-oriented evaluation based on questionnaires for the healthcare sector is shown in 
(Guédria et al., 2012). 
 
Figure 3. Concerns, barriers and conditions for achieving level 1(International Standardization 
Organisation, 2015a). 
Guédria et al. (2012) recommend the implementation of an interview-based and questionnaire-based 
method for gaining the classification of levels. This evaluation model is oriented towards a percentage 
scale for assigning the levels. The assignment is performed by a group of evaluating technical experts 
(expert group) and the subjective results of the individual group members are objectified through 
averaging. Additionally, Guédria et al. (2011) describe the possibility to use fuzzy logic based on 
linguistic variables for the purpose of classifying the maturity levels during an evaluation. The following 
thresholds are taken as a basis for the evaluation method, whereby 𝑆"#	represents the entries in the matrix 
of interoperability concerns (i, i = 1 ... m with m = 4) and interoperability barriers (j, j = 1 ... n with 
n = 3): 
• 0 ≤ Sij ≤ 0,15 à not achieved 
• 0,15 < Sij ≤ 0,50 à partially achieved [adjustment, original was 16 < Sij] 
• 0,50 < Sij ≤ 0,80 à achieved [adjustment, original was 51 < Sij] 
• 0,80 < Sij ≤ 1 à fully achieved [adjustment, original was 81 < Sij] (Guédria et al., 2009) 
If the average of all entries in the matrix for a specific maturity level is above 50 % (excl.), the level has 
been achieved (Guédria et al., 2009). Whether a certain maturity level has been achieved can be 
determined by the following calculation rule: 
𝑆 = 1𝑚 ∙ 𝑛 𝑆*+,+-.
/
*-. 	 (1) 
The existing evaluation model of ISO 11354-2 uses questions, reasoning with findings and ratings to 
determine the maturity for each of the components of the matrix (Guédria et al., 2011; International 
Standardization Organisation, 2015a). Figure 4 shows the relation between these concepts. The way 
how the auditors reach an appropriate rating is not transparent and reproducible within the existing 
 
ISO 11354-2:2015(E)
Table 6 — Description of the interoperability maturity level 0
Conceptual Technological OrganizationalLevel 0 - Unpre-pared Business Heterogeneous visions, strategies, and policies, not described or modelled Islands of automation. lacking enterprise wide ICT infrastructures or platformsProcess Heterogeneous processes, 
not properly described
Manual processes with-out ICT support Responsibilities and author-ities not explicitly defined, 
or not identifiable by other enterprisesService Heterogeneous services, not described or modelled Stand-alone services and applicationsData Heterogeneous data, not described or modelled Data storage devices not interconnected, only manual data exchange
8.2	 Maturity	level	1	—	Defined
This level of interoperability maturity shall be characterized by the limited extent of possible 
interoperations and ability to interconnect. Although the actual or envisaged systems are still entirely 
distinct, some ad hoc interoperations can take place but the interoperability remains very limited. Some basic ICT devices are connectable. Simpl  electronic data exchange becom s possibl . In general,
systems and organizations are d fined and possibly modelled. Modelling tools may b  in place and used 
at design time when specifying systems, but these tools are technology dependent and can run only on 
specific platforms. Responsibilities and authorities to define, model, update and maintain data, services 
and processes are also explicitly defined and formally documented.The descripti n of this level is characterized in Table 7.
Table 7 — Description of interoperability maturity level 1
Conceptual Technological Organizational
Level 1 - Defined Business Described and docu-mented business strate-gies and policies Installed and in-use basic ICT infrastructure and platformsProcess Defined and documented processes Limited ICT support for pro-cesses, enabling ad hoc process information exchange Defined and established organizational struc-turesService Defined and documented services Connectable services and applications, providing ad hoc information exchange Identified responsibili-ties and authoritiesData Defined and documented data models Connectable data storage devices, enabling simple elec-tronic exchange
8.3 Maturity level 2 — Aligned
This level of interoperability maturity corresponds to the integrated environment approach defined in 
the Framework for Enterprise Interoperability
It is char cterized by the u e of common formats that are either accepted by or imposed on another 
enterprise. Relevant standards shall a so be used as m ch as possible. Some flexibility is evidentin an organizational structure. ICT infrastructure and platforms are connected or connectable. 
Interoperability training has been performed for key personnel. Some guidelines / procedures exist 
to describe how interoperability can occur and how to adjust the system if needed. Reaching this level 
of interoperability maturity allows an enterprise to have a stable environment in which long term and stable partnerships can be established with its known suppliers, sub-contractors and customers.
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 procedure. Although there is reasoning based on a summarized statement, it is just coarse-grained and 
difficult to understand for the recipient of the assessment results (Guédria et al., 2012). 
 
Figure 4. Concepts of the MMEI evaluation model 
4 REQUIREMENT ANALYSIS 
Based on the research objective and the knowledge base, requirements were derived that will lead the 
design and enable the final evaluation according to specified evaluation criteria. The requirements 
concerning the artifact are described in table 1. Following Braun et al. (2015), different categories of 
requirements were defined to formalize the conditions for artifact construction. These categories allow 
to differentiate between the facets of a class of problems addressed by this research and the general 
scientific claims of the design theory (Braun et al., 2015). This supports the decomposition of the 
necessary evaluation measures and helps to link the evaluation results to the initial design objective. 
Requirement ID Requirement Design Rationale 
Functional 1 
(FuR1) 
Auditors (in terms of domain experts) should not be 
dependent on third parties during the examination of 
individual views of the underlying maturity model. 
Reduce latency times due to 
consensus processes for finishing 
the review. 
Functional 2  
(FuR 2) 
Third parties (e. g. other auditors) should be able to 
review and track the individual evaluation. 
Ensure reliability, reproducibility 
and transparency of the 
evaluation results 
Functional 3  
(FuR 3) 
The evaluation procedure should be applicable for 
platforms, components of platforms and products 
from third-party providers. 
Allow comprehensive and 
complete platform evaluation for 
different granularities 
Functional 4  
(FuR 4) 
The documentation of new findings during the 
evaluation must be possible. 
Prevent coordination tasks during 
the evaluation to reduce latencies 
Feature 1  
(FeR 1) 
The comparability of different evaluation results is 
ensured for different evaluation objects. 
Ensure objectivity, reliability and 
reproducibility 
Feature 2  
(FeR 2) 
The comparability of different evaluation runs 
should be ensured. 
Ensure objectivity, reliability and 
reproducibility 
User  
(UR1) 
The artifact should be usable with an existing 
standardized maturity model. 
Allow transferability of the 
research results 
Theoretical 1 
(TR1) 
The reliability and objectivity should at least 
correspond to the reliability and objectivity of 
consensus-oriented evaluation processes. 
Ensure efficacy of the artifact 
Theoretical 2 
(TR2) 
Resulting evaluations should be more transparent 
than existing consensus-oriented assessment 
processes. 
Ensure utility of the artifact 
Table 1. Requirements on the artefact (FuR… Functional Requirement, UR… User 
Requirement, TR…Technical Requirement) 
Interoperability barrier (j)
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 5 EXTENSION OF THE EVALUATION MODEL 
5.1 Structural Design of the Evaluation Model 
To address the lacks in transparency and reproducibility we extend the MMEI evaluation model with 
new concepts. In order to determine the values of the MMEI matrix components (degree of achievement 
Sij), for the operational evaluation of individual interoperability barrier-concern-combinations we 
implemented the model shown in figure 5. For this purpose, we have constructed a new indicator based 
assessment tool for ISO 11354-2 which ensures a better transparency of the classification. 
The basic approach aims at decoupling of an expert panel from the individual auditor (differentiation in 
standardization and assessment) and at decomposition of the rating of maturity levels for each of the 
matrix components. The ISO 33002:20151 recommends indicators as a basis for the evaluation by the 
auditors (International Standardization Organisation, 2015b). This approach is adapted in our paper. Our 
extended evaluation model proposes indicators that are defined by an expert group (standardization 
phase) and are used by a single auditor during an audit (assessment phase). For instance, the expert 
group may be formed by auditors of an auditing institution. It must be considered that the formulated 
representations of the solution space are qualitatively depended on the expert group. Its composition 
(qualification, reputation, acceptance) plays an important role for the evaluation result. Thus, the expert 
group as well as the auditor should always be documented for the recipients of the evaluation. 
 
Figure 5. Indicator based evaluation model which decouples indicator definition and audit. 
The indicators describe indications for the achievement of a level for a specific interoperability barrier-
concern-combination by formulating discrete measures that improve the interoperability potential. Thus, 
the expert group's knowledge about the solution space is represented by the indicators (t ∈ T). The 
determination of these indicators is similar to the consensus-oriented evaluation. The indicators can be 
assigned to specific domains (and thereby product types) to limit their use to a specific domain. The 
experts also describe the contribution to goal achievement (a) for a specific indicator (t). The intended 
goal achievement is a measure which cannot be finally defined since it is not possible to describe an 
ideal platform and thus a complete solution space due to different intended degrees of openness and the 
orientation on different complements (Buxmann et al., 2013). Yet, the combination of several existing 
                                            
1 The standard formulates requirements for the implementation of assessment. It is the successor to ISO 15504-2, which 
defines a part of the SPICE-maturity model. 
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 indicators (T) describe a possible solution set for a quasi-ideal system. This is represented by the 
contributions to goal achievement by which the indicators are attributed. This approach does not exclude 
other combinations of measures that may lead to a quasi-ideal system. 
The indicators (t) as well as their connoted goal achievement factors (at) are used during an audit by an 
auditor in order to formulate observations (b ∈ B). The auditor gathers these observations during the 
auditing process. If an auditor finds, that a measure described in an indicator is implemented, he has to 
rate the implementation quality of the measure. Hereby, a literal {A : completely; B : good; C : partly; 
D : basically; N : not; U : not relevant} (in accordance to (Guédria et al., 2011)) is associated with a 
factor (q) with 𝑞 ∈ {1; 	0,75; 	0,5; 	0,25; 	0; 	∅}. In addition, the source of the observation is documented 
for evidence (International Standardization Organisation, 2015b). If no corresponding indicator is 
defined for an observation, then at has to be estimated, documented and coordinated with the expert 
panel in the follow-up of the audit by the auditor. The actual goal achievement (A) is evaluated by 
multiplying the goal achievement factor with the implementation quality. This leads to the following 
aggregation rule: 𝑆*+ = 𝐴 = 𝐹(𝑞BC ∙ 𝑎EC, 𝑞BF ∙ 𝑎EF, … , 𝑞B HIJ ∙ 𝑎E KIJ )	 (2)	
The function F is an aggregation function, which accumulates the values of all individual observations 𝑜 ∈ 𝑂. The aggregation forms the actual goal achievement (A). Oij are the observations. Tij the indicators 
for the degree of achievement Sij. 
5.2 Explanatory Models for the Solution Space 
The function F can be implemented using three different strategies. They should be applied according 
to the explanatory model of the solution space. The explanatory model formulates how observations 
(observed design decision within the platform) contribute to the actual goal achievement (the respective 
interoperability potential for the barrier-concern-combination). The understanding of the solution space 
should always be documented during the assessment. 
Contributive strategy: The goal achievement factors (a) can be aggregated by a cumulative function. 
It is supposed, that the recommended goal achievement factors provide an absolute contribution to the 
actual goal achievement. This is suitable, if no closed set of observations is intended and a high 
interoperability potential is achieved by implementing different measures in the solution. The function 
should be applied, if the ex-ante description of the solution space is restricted to a very limited extent. 
Only those issues are being documented, which have a positive effect on the interoperability potential. 
The corresponding function is as follows: 
𝐹 𝑓C, 𝑓F, … , 𝑓, = 1, 	 𝑓*
,
*-C > 1𝑓*,*-C , 					𝑒𝑙𝑠𝑒
 
(3) 
The disadvantage of the function is that there is a stronger subjective dependence on the auditor, since 
the result “completely achieved” can be attained with many observations, that do scarcely contribute to 
the goal achievement. Particular interoperability solutions that increase the interoperability potential are 
formulated by the indicators. By defining a goal achievement factor for a specific indicator, the expert 
group specifies the contribution of a specific interoperability solution for the interoperability potential. 
The advantage is that the evaluation system is more robust to new observations, which are not considered 
by an indicator. The suggested goal achievement factor is used as a direct cumulative value. The 
suggested initial target achievement factors should be determined in a way by the expert team that an 
actual target achievement of “completely achieved” can be attained by combining different indicators 
(explanatory model 1). 
  
 Strategy of non-disjunction events: The goal achievement factors (a) can be assumed as the probability 
that a system, that implements the corresponding indicator, achieves a high interoperability potential 
(explanatory model 2, according to A = P(I)). In this case, the formula of Poincaré-Sylvester 
(generalization of the addition rule for non-disjunction events) can be used to calculate the probability 
of achieving a high interoperability (cf. fig.~6). The determination of a concrete indicator can be 
understood as a non-disjunction event since the presence of additional indicators is possible at the same 
time. Thereby, the presence of an indicator increases the probability of achieving a concrete maturity 
level and thus, a higher interoperability potential. By using probabilities, the heuristic character of an 
ideal solution is considered. A disadvantage of this strategy is the reduced transparency of the goal 
achievement. 
 
Figure 6. Using non-disjunction events to assess interoperability potentials. 
Strategy of relative contributions: Another strategy is the usage of a relative calculation function. For 
instance, a mean value function can be used. The goal achievement factors (a) function are used as 
weightings. A calculation rule can be formulated with the following constraint: 
𝐹 𝑓C, 𝑓F, … , 𝑓, = 𝑓T,T-C 	with	 𝑎X = 1
KIJ
X-C  
(4) 
Each individual observation contributes to a high interoperability potential with a relative share 
(explanatory model 3). The recommended target achievement factors of the indicators should be 
formulated in a way that they represent positive interoperability solutions (z =1 if |Tij| = 1) as well as 
solutions with a low contribution to a high interoperability potential (z = 0,5) and solutions, which are 
of little relevance for a good interoperability potential (z = 0). If the weightings are equally, which means 
a non-weighted mean value function is used, the model is robust towards new observations. Otherwise, 
the weightings have to be adapted for new observations. This problem can be solved by scaling the sum 
of all weights. The model is suitable, if standards for interoperable system design exist and the platforms' 
scope of tasks is almost clear. 
6 DEMONSTRATION 
6.1 Case Example: A Regional Telemedicine Platform 
As case example for the demonstration, we applied the evaluation model in a larger evaluation project 
in the context of a regional telemedical platform initiative in Germany. The aim of this iniative is to 
provide an open digital infrastructure for telemedicine services and applications to improve the care of 
patients in rural areas. In the mind of an open infrastructure, third-party providers should be able to 
complement the platform with their own telemedical care solutions. The platform should also hide the 
technical infrastructure and provide domain-oriented services. This should help the prospective users to 
use and combine information services in the healthcare easily. The platform functions as a market for 
telemedicine services. The authors of this paper were involved in this project as neutral evaluators of 
the platform (Benedict and Schlieter, 2015). The main focus of the evaluation case was the openness of 
the platform and the ability of the platform to form the ecosystem for telemedical services. The overall 
platform evaluation was conducted with different methods and tools. The overarching evaluation 
framework is defined by Benedict et al. (2015).  
observation 1
P(Io1)= α
observation 2
P(Io2)= βP(I)=1, high degree of interoperability
P(I), goal achievement
 6.2 Application of the Evaluation Model 
Within the scope of the outlined project in the healthcare domain the application of the evaluation model 
was tested. The evaluation model was used as a tool to determine the degree of interoperability in context 
of the overarching evaluation framework. The implementation of the shown evaluation model with all 
calculation rules and the determination of maturity levels was done by a spreadsheet based analysis. The 
indicators were defined by an expert panel of three auditors by consensus. A criterion was defined as an 
indicator if all three auditors reached a consensus. Existing quality criteria of different evaluation 
procedures in the healthcare sector were analyzed and adopted (e. g. (EUROREC Institute, 2014)). The 
relative strategy (weighted average, explanatory model 3) was chosen, since the scope of tasks of the 
platform was known most extensively and established interoperability standards existing in the health 
sector (Eichelberg et al., 2005; Neuhaus et al., 2011). Concrete demands for standards were not 
formulated as it would limit the potential solution space for eHealth platforms as well as for 
complementary solutions.  
During the standardization phase an issue concerning the level of abstraction of the indicators was 
observed. There was a gradient in abstraction between the three initial indicator sets defined by each of 
the auditors. For example, if addressing the technology concern one auditor mentioned the need for 
specific interfaces (e.g. web service-interfaces are necessary), while another auditor defined that a 
common technology must be available for communication of data. The team decided to broaden the 
solution space by describing the indicators in a more abstract way. As a consequence, the explanation 
for the implementation quality in the evaluation must be more detailed. Hence, there were the need to 
find the balance between neutral and specific solution. We address this balancing-issue on the basis of 
scenarios for interoperability measures, which were used to demarcate a specific case (indicators by 
inductive definition). 
The assessment of the platform was conducted initially by one auditor based on the state of 
documentation. The following documentations have been included in the assessment: architecture and 
user documentations, the business model, and interfaces. Furthermore, existing software artifacts were 
examined. Finally, the platform provider himself was questioned to individual aspects. The result for a 
technically oriented view of the MMEI matrix (Service, Technological, ST) is illustrated in table 2. For 
example, for the first maturity level the expert group defined that pluralism of technology is an important 
characteristic to ensure a high interoperability potential. Thus, as a first indicator an open eHealth 
platform must use an established technology for service interfaces and as a second indicator it must be 
able to deal with different technologies for service connection. The experts defined that the second 
indicator is more important to the interoperability potential (z=0,6). The evaluated platform is 
consistently based on usual technology and no proprietary technology is used for any interface. 
Therefore, the auditor rated this indicator as “completely” (result q=A for the first indicator). The 
endpoints in principle support different technologies, but are only configurable by the vendor. Thus, the 
second indicator is rated with B (“good”). The indicator ratings lead to a result of “completely achieved” 
for the ST-Component of the MMEI matrix. 
Indicator Observation q z q ⋅ z 
A usual technology is being used to 
communicate with services or to exchange 
data via interfaces. 
Yes, HTTP-web services and the exchange 
of HL7-data via MLLP is possible. 
A 0,4 0,4 
The communication with services or the 
exchange of data via interfaces is possible 
with different technologies. 
Yes, is given by the use of WSO2 and the 
Endpoint-Proxies. Endpoints are just 
configurable to a limited degree externally. 
B 0,6 0,45 
  SST=Z=0,85 
Table 2. Exemplary indicators and observations for the interoperability barrier Technological and the 
interoperability concern Service for the first interoperability level 
 The result for the business oriented view (Business, Conceptual) is shown in table 3. The tables show 
that level 1 was achieved for ST level. However, the BC level was partly achieved by the case example. 
The expert group defined that existing integration scenarios must be documented. This measure allows 
to derive new integration scenarios from existing cases and shows prospective platform users how they 
can join the platform ecosystem. It furthermore increases trust that an own scenario may also be 
implementable. The second indicator refers to a similar condition but not for existing realized integration 
scenarios but for interaction patterns. The auditor found that currently no existing scenarios are not 
explicitly described. Therefore, he rated this indicator as D (“basically”). The second indicator addresses 
a similar measure to improve organizational interoperability. This indicator demands the abstract 
description of integration scenarios and the description which role the platform in these scenarios plays. 
For example the specifications of IHE (Integrating the Healthcare Enterprise) describe such abstract 
scenarios with roles and transactions (IHE International, 2013). With the referencing and 
implementation of some IHE-profiles the rating in the assessed platform the indicator is partly 
implemented. For other non-IHE scenarios no scenarios are documented. Therefore, the auditor rated 
the implementation as “partly”. 
Indicator Observation q z q ⋅ z 
Description on how integration scenarios 
are implemented with other software 
products. 
There are no explicit descriptions so far. 
They are just implicitly identifiable from 
the interface descriptions. 
D 0,5 0,13 
Description of usual integration scenarios 
and on how the corresponding system 
operates in the scenarios. 
Just guaranteed by the existing IHE 
interfaces. Further possibilities are not 
documented 
C 0,5 0,25 
  SBC=Z=0,38 
Table 3. Exemplary indicators and observations for the interoperability barrier Conceptual and the 
interoperability concern Business for the first interoperability level 
Figure 7 delineates the final picture after processing of all concern-barrier combinations of the level 1 
assessment. The overall level achievement is being formed by a mean value method covering all 
components of the matrix in accordance to (International Standardization Organisation, 2015a). The 
figure shows that the level 1 of the MMEI is achieved. This matrix can be used by the platform vendor 
to identify areas of activity where he should improve his platform in order to enhance the interoperability 
potential. 
 
Figure 7. Exemplary result for the maturity assessment of level 1. 
  
level$1 conceptual technological organizational
business partly'achieved completely'achieved achieved
process partly'achieved partly'achieved completely'achieved
service completely'achived completely'achieved achieved
data achieved completely'achieved achieved total
achieved
 7 EVALUATION 
The evaluation of the artifact is conducted by a verification of the initial requirements (see table 4). The 
result of the evaluation shows that the artifact achieves the intended design objective. All requirements 
are covered by the introduced artifact.  
Requ.-ID Explanation on the performance 
FuR1 Is given by the availability of different sources (documents, software) for the 
evaluation. An auditor can carry out an assessment regardless of other auditors. 
FuR 2 Is given by the decoupling of indicator and observation. 
FuR 3 The method is not defined by a specific artifact type. The indicators can be defined for 
different artifact types. The different calculation strategies do also allow an adaptation 
to the evaluation case. 
FuR 4 The calculation strategies allow the addition of new indicators during the evaluation. 
FeR 1 Is guaranteed by the consideration of indicator assignments to the scopes of tasks and 
product types. 
FeR 2 The calculation rules and indicators are documented and observations have to be 
justified. 
UR1 ISO 11354-2 is usable as a maturity model. Thereby, the application of a standard is 
given. 
TR1 Has been shown by a retrospective reconciliation of the examination results by 
auditors, who have not directly participated the assessment. 
TR2 For each barrier-concern-combination a part of the solution space is formulated by the 
expert panel. The expansion of this solution space during the assessment can be 
documented. The evaluation strategies consider new observations. 
Table 4. Verification of the research requirements (FuR… Functional Requirement, UR… User 
Requirement, TR…Technical Requirement). 
Additionally, the existing audit results are confirmed by two auditors. They have not directly participated 
in the maturity model based audit, but they have the knowledge about the platform of the case example. 
For this purpose, the auditors have got an access to the project documentation. They also attended the 
meetings with the platform vendor. The additional auditors observe no discrepancies from their 
implicitly gained findings regarding the results of the maturity model based evaluation. In conclusion, 
the artifact is suitable to replace a questionnaire- or interview-based maturity model assessment by an 
individual assessment. This finding has also been confirmed by the platform vendor. 
8 CONCLUSION AND OUTLOOK 
The initial research question of this paper was, how to evaluate the interoperability potential of eHealth 
platforms in a structured way. For this purpose, we show an approach to determine maturity levels based 
on ISO 11354-2 for evaluating the interoperability potential of open eHealth platforms. The evaluation 
principle is comparable with self-assessment checklists or questionnaires, but it considers the variability 
of the solution space. The quantitative formulation of the model allows a greater consideration of 
qualitatively differentiated observations made by the auditor as well as the possibility to respond 
dynamically to new observations. Furthermore, the transparency of achieving a maturity level has been 
improved for the individual barrier-concern-combinations by describing the weightings and calculation 
rules. The differentiation of indicators and target achievement factors facilitates the dynamic respond to 
new circumstances (e.g. other measures that are not described by an indicator), that can appear during 
the evaluation of open platforms. They describe a subset of the solution space and thereby a possible 
model for a platform, which can be deviated from during the evaluation. The developed indicators of 
the case example depend currently on the expert panel and have to be re-evaluated in the further research. 
This is comparable with the typical subjective influences in conceptual modeling and thus, the 
applicability of the principles of conceptual modeling of Schuette and Rotthowe (1998) for the 
formulation of indicators should be investigated in further research. Furthermore, in order to specify 
 new indicators in the future, a rule set for defining them has to be determined to inhibit abstraction 
issues. This set describes the intended demands for abstraction, solution-neutrality and granularity. 
Thus, a defined process for indicator definition will be added in the next design cycle to address this 
issue. 
The underlying method for the determination of maturity levels is also suitable for metric maturity 
models (Kohlegger et al., 2009). The calculation model is understood as an assessment tool according 
to ISO 15504-3 (International Standardization Organisation, 2004). The quantitatively formulated goal 
achievement factors form a model for the statements how the interoperability potential is influenced by 
a concrete observation. The transferability to non-metric maturity models is also part of further research.  
Becker et al. (2009) determine deficits concerning the documentation of genesis and the construction of 
maturity models. This work supports the development of new maturity models respectively the revision 
of existing ones through a model-oriented evaluation method. The evaluation model will be transformed 
into a semi-formal conceptual model in further research. The creation of a software artifact is planned 
which supports the standardization process as well as the assessment process. This will also facilitate 
the evaluation, since the examination results can easier be combined and compared. 
There is a substantial need for research regarding the adoption and the diffusion of the evaluation model. 
In our case example we cooperated with a vendor in order to develop and to provide a telehealth 
platform. While our team used the model as an approach to evaluate an existing telehealth platform, the 
vendor used it to identify and to discuss primary gaps in reaching an open platform environment. The 
indicators form an interface for the understanding of the possible solution space between the evaluator 
and the evaluation recipient (vendor). Thus, the use of the maturity model as a neutral benchmarking 
and self-positioning (acc. to Becker et al., 2009) tool for platforms seems to be appropriate. Therefor a 
more extensive (naturalistic (Alturki et al., 2011)) evaluation with different evaluation objects and 
several parallel applications of the calculation model respectively an accompanying interview-based 
analysis has to be conducted in further research.  
Based on this paper and previous research (Benedict et al., 2015; Bianco et al., 2014; Campos et al., 
2013; Cornu et al., 2012), we currently initiate a second design cycle to develop a neutral benchmarking 
suite. This suite shall allow the comparison of platforms in different domains. Consequently, we aim to 
provide a mechanism which allow different expert groups to define public indicator sets. This should 
foster the transparency between platform approaches of different vendors and also reveal which vendors 
factually support open platform concepts. 
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